Objective: To investigate associations between physical activity and risk factors for cardiovascular disease (CVD), subclinical atherosclerosis, and disease activity in patients with early and long-standing rheumatoid arthritis (RA). Method: This cross-sectional study included 84 patients with early and 37 with long-standing RA (disease duration, mean ± sd: 1.4 ± 0.4 and 16.3 ± 2.3 years, respectively). Physical activity was measured using a combined accelerometer and heart-rate monitor. Further assessments were disease activity (erythrocyte sedimentation rate, Disease Activity Score in 28 joints), functional ability (Health Assessment Questionnaire), risk factors for CVD (blood lipids, i.e. triglycerides, high-density lipoprotein, low-density lipoprotein; blood glucose, blood pressure, sleeping heart rate, waist circumference, body mass index, and body fat), and subclinical atherosclerosis (pulsewave velocity, augmentation index, and carotid intima-media thickness).
Rheumatoid arthritis (RA) is associated with an excess risk for cardiovascular disease (CVD), attributable partly to traditional cardiovascular risk factors (1) (2) (3) and partly to the systemic inflammation present in RA (2, 4) . An insufficient level of physical activity has also been presented as a contributory factor to the CVD morbidity in RA (5) (6) (7) (8) . Physical activity, defined as 'any bodily movement produced by skeletal muscles that results in energy expenditure' (9) , is strongly protective against CVD morbidity and mortality in the general population, and has the potential of affecting cardiovascular risk factors (10, 11) as well as inflammation (12) . The World Health Organization (WHO) public health recommendations for physical activity in adults include 150 min per week of moderate-intensity or 75 min per week of vigorous-intensity aerobic activity, or an equivalent of both (13) . Furthermore, there seems to be a dose-response relationship between physical activity and health, with health benefits arising even at lower levels of physical activity compared to being sedentary (14) .
Several studies, using objective methods for measuring physical activity, present insufficient levels among RA patients according to public health recommendations (8, (15) (16) (17) . In comparisons with healthy controls, the results have been inconclusive, although some studies report lower levels of physical activity among the patients (16, (18) (19) (20) (21) (22) . Current knowledge suggests that physical activity may have beneficial effects on cardiovascular health in patients with RA (8, 15, 19, (21) (22) (23) , but since many patients do not reach sufficient physical activity levels (24) , it is a major concern in the management of RA patients to measure, encourage, and facilitate physical activity. A premise for adequate, professional advice is knowledge of the frequency, intensity, and duration of physical activity in a broad spectrum of RA patients and knowledge about its relationship to CVD risk factors and cardiovascular health in RA. Studies presenting objectively measured physical activity and the associations with cardiovascular risk factors are few, especially those including patients with early disease. Thus, the aim of this cross-sectional study was to investigate associations between objectively measured physical activity and risk factors for CVD, measures of subclinical atherosclerosis, and disease activity in patients with early and long-standing RA.
Method

Patients
Since 1995, all individuals in the county of Västerbotten, Sweden, with RA (i.e. symptomatic for < 12 months), fulfilling the American College of Rheumatology criteria for RA (25) , and being at least 18 years of age, have been included in the early arthritis cohort at the Department of Rheumatology in Umeå, Sweden. They have been followed by a team including medical and health professionals. Medical treatment has followed the standard care, aiming at remission, while the objective of rehabilitation has been to minimize impairment and disability, by providing information about how to manage different consequences of the disease and by encouraging physical activity.
From the early arthritis clinic, all patients with early disease (12-24 months), diagnosed in 2013-2016, and all patients with long-standing disease, diagnosed during 1995-2002, still living in the county of Västerbotten, were consecutively invited to participate in this study ( Figure 1 ). Exclusion criteria were being > 75 years of age, severe diseases, and functional limitations, hindering physical activity to a higher extent than limitations caused by RA. The inclusion and exclusion process is presented in Figure 1 . Data were collected during 2015-2017. All patients gave their written informed consent to participate in accordance with the Helsinki Declaration. The study was approved by the Ethical Committee of the University in Umeå, Sweden (Dnr 2014/356-31).
Demographic and disease-related data
Disease duration was defined as time since diagnosis. Disease activity was assessed by the 28-joint Disease Activity Score (DAS28) (26) . Rheumatoid factor (RF) was analysed using the Waaler Rose test (a titre of 1/80 corresponds to a positive value), and anti-citrullinated protein antibody (ACPA) using enzyme-linked immunosorbent assays for anti-cyclic citrullinated peptide antibodies type 2. Pain during the week preceding the visit was assessed using a visual analogue scale (VAS). Current medication was noted. The Stanford Health Assessment Questionnaire (HAQ) was used to measure functional ability (27) . Joint and muscle function was evaluated using Signals of Functional Impairment (SOFI), a performance index comprising 12 items for hand, upper and lower extremity function (28) . A score of less than 12 reflects mild impairment (28) .
Traditional cardiovascular risk factors and atherosclerosis
Plasma fasting levels of cholesterol (mmol/L), triglycerides (mmol/L), and high-density lipoprotein (HDL) (mmol/L) were analysed in clinical routine in an accredited laboratory by Cobas cholesterol/triglyceride/HDL reagents on Cobas c701 platforms. Blood glucose (mmol/L) was analysed according to routine methods. Any history of CVD, tobacco use, or diabetes mellitus was registered according to the patients' reports and records. Hypertension was registered when patients were treated with anti-hypertensives. Dual-energy X-ray absorptiometry (DXA) was used to assess body composition (Lunar Prodigy X-ray Tube Housing Assembly, Brand BX-1L, Model 8743, and Lunar iDXA Forma; GE Medical Systems, Madison, WI, USA) (29) . Waist circumference was measured midway between the lower costal margin and the iliac crest, with the patient standing and the arms hanging freely. The measurement was made to the nearest 5 mm and performed at the end of a normal expiration (30) .
Early signs of atherosclerosis were measured by pulse-wave analysis (PWA) and carotid ultrasonography. Arteriograph Type TL2 v. 3.0.0.3 (TensioMed, Budapest, Hungary) was used for the PWA, which presents measures of systolic (SBP), diastolic (DBP) and aortic systolic blood pressure (SBP ao ), aortic pulse pressure (PP ao ), pulse-wave velocity (PWV), and augmentation index (AIx). The PWV and AIx are measures of arterial stiffness and endothelial function (31) . After patients had rested supine in a quiet room for 10 min, three measurements were taken in the right arm, with the average values noted. The carotid ultrasonography measured the carotid intimamedia thickness (cIMT), using a Seqoia 512 ultrasound system [Siemens (Acuson) Corp., UpplandsVäsby, Sweden] with a 9L transducer (32) . The cIMTs of the right and left common carotid artery (CCA) were measured along 1 cm long longitudinal segments of the CCA just proximal to the carotid bulb on three end-diastolic images [defined by the R wave on an attached three-lead electrocardiogram (ECG)] and mean values were noted.
Physical activity
Physical activity was measured using the Actiheart monitor (CamNtech, Cambridge, UK), a waterproof combined heart rate and movement sensor, applied to the left side of the chest by two standard ECG electrodes (Red Dot 2560; 3M, St Paul, MN, USA) (33) . The monitor sampled ECG signals and uniaxial accelerations, which were stored in 30 s intervals during the recordings. Before performing long-term recordings, a signal test was performed in accordance with the instructions of the manufacturer (34) . The patients were instructed to wear the monitor day and night for seven consecutive days and to change the ECG electrodes at least once during the week. They were encouraged to continue with their habitual activities as usual.
The data recorded by the monitor were cleaned of potential measurement noise and analysed regarding:
• total volume of physical activity, presented as mean accelerometer counts per minute Heart rate ≥ 1.75 × resting heart rate was determined as a cut-off for moderate to vigorous intensity, representing the energy expenditure of ≥ 3 metabolic equivalents (METs) (35) . Resting heart rate was calculated as the median value of the 30 lowest heart rates registered for each day with valid measurements. Participants not reaching the recommended levels of MVPA ≥ 21.4 min/day were considered physically inactive. Sedentary time was calculated using intervals of valid heart rate data and zero accelerometer counts per minute. A day with at least 600 min of valid heart rate measurements was considered a valid day. Sleeping heart rate was defined as the highest heart rate registered during the 30 min with the lowest heart rate during every 24 h wearing the monitor. The mean values of the sleeping heart rates during the valid days were noted.
Statistics
Descriptive statistics are presented as median with interquartile range (Q1-Q3), mean with standard deviation (sd), or number with percentage, as appropriate. Patients were dichotomized into groups with early (< 2 years) and long-standing (diagnosed during 1995-2002) RA. Differences between groups were analysed using the MannWhitney U-test, unpaired t-test, or chi-squared test based on the distribution and type of data. Associations between the two dependent variables, i.e. total volume of physical activity (mean accelerometer counts per minute) and time spent in MVPA (percentage of wear time), and the independent variables, i.e. variables reflecting disease activity, CVD risk factors, and atherosclerosis, were analysed using univariate linear regression analysis. In the next step, every independent variable was analysed in a separate model, adjusted for age, gender, disease duration, and Actiheart wear time. In the third step, multiple linear regression modelling was performed to determine the presence of significant and independent factors associated with the total volume of physical activity and time spent in MVPA, using variables with a p-value ≤ 0.2 in the univariate regression analysis and adjusting for age, gender, disease duration, and Actiheart wear time. Because of the skewed distribution, the dependent variables were log-transformed (log) in the regression analyses. Since there was no difference between patients with early and long-standing RA in the different variables of physical activity, as well as age, gender, and DAS28, the two groups were combined in the analyses of associations. Missing data were considered to be random. The level of significance was set at a p-value of < 0.05. Statistical calculations were performed using SPSS version 24 (IBM Corp., Armonk, NY, USA).
Results
Study population
The study included 121 patients: 84 with early and 37 with long-standing RA. Descriptive, disease, and CVD-related data are presented in Table 1 . The mean (range) age was 56.1 (21.0-75.0) years in the group with early RA and 58.4 (38.0-73.0) years in the group with long-standing RA. Patients invited, but not participating in the study did not differ from those who participated in terms of gender, age, disease activity, or functional ability (data not shown).
Physical activity in early and long-standing RA
The registrations of physical activity were made during all seasons of the year, except for the month of July. Actiheart wear time was median (Q1-Q3) 1054 (848-1130) min/day in the group with early, and 1034 (914-1223) min/day in the group with long-standing disease. The number of valid days in the groups with early and longstanding disease was median (Q1-Q3) 6.0 (5.0-7.0) days and 7.0 (5.5-7.5) days, respectively. Table 1 presents variables of physical activity, as measured by Actiheart, in patients with early and long-standing RA. No differences were found between the groups in any of the variables. According to the current recommendation of 21.4 min/day of MVPA (150 min/week), 31 (37%) of the patients with early and 16 (43%) of the patients with long-standing RA did not reach the recommended levels of physical activity. The chi-squared test revealed no statistical difference between the groups (p = 0.55).
Variables associated with total volume of physical activity
Linear regression analysis was performed to explore the associations between independent variables reflecting disease activity, traditional risk factors for CVD, and subclinical atherosclerosis, and the dependent variable (log) total volume of physical activity (Table 2 ). Older age, higher erythrocyte sedimentation rate (ESR), and higher HAQ scores were associated with lower total physical activity. Furthermore, a higher total volume of physical activity was inversely associated with a number of CVD risk factors as well as subclinical atherosclerosis (Table 2a) . Subsequently, when the separate variables were adjusted for age, gender, disease duration, and Actiheart wear time, significant associations remained for all variables, except for triglycerides, aortic PP, PWV, AIx, and cIMT (Table 2b ).
In the next step, multiple linear regression modelling was performed with the same adjustments ( Table 3 ). The final model explained 39% of the variation in total physical activity (Table 3) . Lower body fat was still associated with higher total physical activity. The association with ESR was no longer evident, but the patients with higher age, female gender, and lower functional ability were less physically active.
Variables associated with MVPA
Linear regression analysis was performed with (log) MVPA as the dependent variable. More time spent in MVPA was associated with younger age, and further with higher HDL, and lower low-density lipoprotein (LDL), blood glucose, waist circumference, sleeping heart rate, and PWV (Table 4a ). After the same adjustments, i.e. age, gender, disease duration, and Actiheart wear time, for each variable, more time spent in MVPA was associated with lower HAQ score, and significant associations remained for HDL, blood glucose, and sleeping heart rate (Table 4b) .
In a multiple linear regression model, adjusted for the same variables (age, gender, disease duration, and Actiheart wear time), higher HDL level and lower sleeping heart rate were associated with more time spent in MVPA (Table 5) . Patients with lower functional ability spent less time in MVPA. The model explained 24% of the variation in MVPA.
Discussion
In this study, total physical activity as well as more time spent in MVPA were associated with more favourable measures of several risk factors for CVD and measures of subclinical atherosclerosis. A few reports have examined the associations between objectively measured physical activity and cardiovascular risk profile in patients with RA, presenting associations between lower levels of physical activity and increased risk of cardiovascular events (7, 21) , metabolic syndrome (21), higher blood pressure, lower insulin sensitivity (8), dyslipidaemia (22) , increased body mass index (BMI) (8, 19) , and obesity (15, 23) . Our results showed that the total amount of physical activity, i.e. regardless of intensity, was inversely associated with more CVD risk factors than time spent in higher intensities. Total physical activity was associated with lower values for triglycerides, blood glucose, BMI, body fat, waist circumference, sleeping heart rate, peripheral SBP and DBP, and aortic SBP, while time spent in MVPA was associated with more beneficial measures of HDL, LDL, blood glucose, waist circumference, and sleeping heart rate. Thus, it seems as though physical activity at lower intensities than the recommended moderate level is also associated with better cardiovascular health in RA patients. In univariate regression, a higher total amount of physical activity was associated with more beneficial values for AIx, PWV, and cIMT, reflecting a lower burden of subclinical atherosclerosis in more physically active patients. The association with lower AIx is in concordance with results presented by Crilly and Wallace (36) . It seems as though the beneficial effects of physical activity on vascular health seen in the general population (37) are also evident in patients with RA, which is further verified by improved endothelial function after a 6 month exercise period (38) .
In the present study, older patients, women, and those more functionally disabled spent less time in physical activity, in line with previous research on associations with age (39), gender (39) , and functional disability (8, 21, 39, 40) . Higher disease activity, measured by ESR, was associated with less time spent being physically active. However, the association was weak and no longer evident in the final model. Research regarding the relationship between disease activity and physical activity shows inconclusive results (41, 42) . Khoja et al found that higher disease activity, measured by DAS28, was weakly or moderately associated with more time spent sedentary and in lower intensity Table 2 . Linear regression models among 121 patients with early or long-standing rheumatoid arthritis, with (log) total physical activity (mean accelerometer counts per minute) as the dependent variable. ns †Adjusted for age, gender, disease duration, and Actiheart wear time. DAS28, 28-joint Disease Activity Score; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; HDL, highdensity lipoprotein; LDL, low-density lipoprotein; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; SBP ao , aortic systolic blood pressure; PP ao , aortic pulse pressure; PWV, aortic pulse-wave velocity; AIx bra , brachial augmentation index; AIx ao , aortic augmentation index; cIMT, carotid intima-media thickness; CI, confidence interval. p-Values ≤ 0.2 are presented. *Significant difference (p < 0.05); ns, not significant. Table 3 . Multiple linear regression model explaining 39% of the variation in (log) total physical activity (mean accelerometer counts per minute) in 118 patients with early or longstanding rheumatoid arthritis. activities but, in line with our results, no association was found for time spent in MVPA (8). Hernández-Hernández et al found that change in disease activity, measured by DAS28, over 6 months was inversely associated with change in objectively assessed physical activity (21) . Physical activity has been described as having the potential for decreasing inflammation (24, 43) , shown by decreased disease activity after exercise interventions (44, 45) . Inflammation, with its accompanying symptoms, may be a barrier to physical activity, but if the patient can overcome this barrier and be physically active, they may experience an antiinflammatory effect. Further research is required to better understand the interaction between disease activity and physical activity in patients with RA.
The median duration of MVPA was 34 min/day in patients with early RA and 26 min/day in long-standing RA, which is above the recommended 21.4 min/day (150 min/week). However, the variation in time spent in MVPA was considerable, and 37% of patients with early and 43% with long-standing RA did not reach the recommended weekly 150 min of MVPA and were thus considered physically inactive. As far as we know, this is the first study of RA patients using the Actiheart monitor to register physical activity. Studies of RA patients using other objective methods show various results. A study from the USA found that patients with mean disease duration of 14 years, aged 55 years, spent a median of 14 min/day in MVPA, which was considerably lower than our results (46) . In England, Fenton et al found a mean of 18 min/day of MVPA in patients aged 55 years with disease duration of 7 years (7). By contrast, in a study by Khoja et al, patients from the USA, with a median age of 58 years and median disease duration of 14 years, spent a median of 36 min/day in MVPA (8) . The variation between studies may partly be explained by differences in disease severity. Furthermore, comparisons are hampered by the use of different activity monitors, with differences in device sensitivity, sampling, and data filtering, as well as the use of proprietary algorithms for handling data. In addition, comparing heart rate monitors to accelerometers is difficult since each method measures different parameters of physical activity behaviour and the relationship between the two aspects can vary between and within people.
In 10 European countries, the level of physical activity was estimated in healthy men and women using the Actiheart monitor (47) . Of the Swedish participants (96 women Physical activity in patients with RAand 98 men, mean age for both genders 52 years), the women spent a median of 86 min/day and the men 112 min/day in MVPA. The level of MVPA was considerably higher in these healthy men and women compared with the patients included in our study, despite the small differences in age.
Studies presenting objectively measured physical activity in patients with early disease are sparse, but in patients with a symptom duration of 43 months at the time of diagnosis and treatment initiation, no difference in physical activity was found compared with controls after 3 months of disease-modifying anti-rheumatic drug (DMARD) therapy (40) . In a Swedish randomized controlled study on selfassessed physical activity, including 228 patients with mean disease duration of 21 months, close to 50% reached the WHO recommendations for MVPA at baseline (48) . The higher proportion of patients meeting the recommendations in our study may be due to differences in methodology (49) , but also to the information on and support for physical activity offered by the team in the early arthritis clinic.
Patients with long-standing disease could be expected to be less physically active and to spend more time sedentary compared with patients with early disease. Somewhat surprisingly, we report no difference between the groups, and disease duration was not associated with the physical activity parameters analysed. In contrast, Prioreschi et al found disease duration to be negatively correlated with physical activity (19) . In our study, mean age was almost the same in the two groups, and measures of DAS28, HAQ, and SOFI indicated low disease activity and severity in both groups, pointing towards good preconditions for physical activity despite several years of disease. Since the mean age was similar in both groups, the patients with long-standing RA represent a group that was diagnosed when they were younger compared with the patients with early RA. Higher age at disease onset has been associated with a more rapid decline in functional ability as well as higher age-adjusted mortality (50) . This may have caused a selection bias due to exclusion of older patients. The improvements in medical treatment over the years imply a more efficient reduction of disease activity for those patients diagnosed in recent years. However, except for the number of swollen joints, no measure reflecting disease activity differed significantly between the groups, and no significant associations were found between treatment with biological agents and the physical activity variables in the groups with early or longstanding disease (data not shown). Apart from the medical treatment, the two groups were all treated in a similar way, with regular visits to the early arthritis clinic during the first years of disease and with information on the importance and promotion of physical activity.
The participants in the present study were recruited from the early arthritis clinic, which is the only reference centre for patients with RA in the Västerbotten county. In addition, there were no differences in age, gender, disease activity, or functional ability between participants and those denying participation. Consequently, this cohort is representative of the prevalent seropositive and adult population with RA in the county without severe comorbidity. The major limitation of this study is the cross-sectional design, which hinders analyses of causal relationships.
Conclusion
In this study, physical activity behaviour was similar in patients with early and long-standing RA; however, insufficient levels of physical activity were found in a substantial proportion of patients. Total physical activity as well as more time spent in MVPA were associated with more favourable measures of risk factors for CVD and subclinical atherosclerosis, and thus physical activity at any level seems to be beneficial. Patients with functional disability were less physically active. These results stress the importance of promoting physical activity in patients with RA and paying extra attention to patients with lower functional ability.
